Factors controlling the rate of oxidation of succinate were studied in mitochondria isolated from twenty-seven specimens of normal human liver obtained at operation. These were compared with mitochondria prepared from the livers of anesthetized and unanesthetized rats. Previously reported lower rates of succinate oxidation by human liver mitochondria were confirmed. This difference was no longer apparent when the succinic dehydrogenase activities of mitochondrial acetone powders were compared. The apparent. K, o f succinate for human liver mitochondrial succinoxidase is less than that of the anesthetized and unanesthetized rat. The concentration of oxalacetate is greater in human liver mitochondria compared with the anesthetized and unanesthetized rat. In both aerobic-and cyanide-inhibited mitochondria, the extent of the apparent succinate linked reduction of mitochondrial pyridine nucleot,ide was less in man than in the rat. In aerobic rat liver mitochondria, anesthesia lowers the extent of succinate-linked pyridine nucleotide reduction.
Previous work from this laborat,ory has shown that the rate of succinate oxidation by human liver mitochrondria is about one third of that, found in the rat. This investigation was designed t'o compare some factors which determine succinate oxidation in man and rat, in an attempt to determine the the cause of this species difference and t.o study a possible effect of anesthesia on the oxidation of succinate.
METHODS
The collection of the liver biopsy specimens, the anaesthetics used, the preparation of the mitochondria, the polarographic determination of oxygen consumption, t,he assay of proteins and the preparation of mitochondrial extracts for fluorometric assay were performed as described in the earlier publication (1). Twenty-seven specimens of human liver were studied.
Male, Sprague Dawley, albino rats were studied for 1 This study was supported in part by grant AM-07361-2 from the U. S. Public Health Service. The order of addition of mitochondria, substrates and phosphate acceptor has been selected to show that each specimen showed evidence of respiratory control, i.e., an increase in the rate of respiration on the addition of ADP to the medium containing ,succinate. This precluded measurement of the rate of endogenous respiration with ADP in the absence of succinate. In view of the need for an added source of energy under these conditions (8), ATP (4.1 mM final concentration) was added after t*he succinat#e (Fig. 3) . Each incubation mixture was calibrated by the addition of a small volume of NADH of known optical density to a colloidal solution of equivalent background fluorescence (e.g., dilute milk).
For the,estimation of oxalacetate, mitochondria were added to four volumes of chilled 6y0 PCA, and the mixture thoroughly homogenized in the cold. The extract was then neutralized to methyl orange with 5 ii/l potassium carbonate. Since such a neutralized PCA extract contains malic dehydrogenase (9), oxalacetate was converted to pyrllvate by heating for 30 minutes at 70°C. The heated extract was recentrifuged and made to a known volume with 0.2 M TRAP buffer, pH 7.6. The concentration of pyruvate was then determined fluorimetrically with lactic dehydrogenase and NADH
RESULTS
Oxalacetate was converted quantitatively to pyruvate in 30 minutes at 70°C (Table  I) . As measured by us, the apparent concent'ration of oxalacetate represents the sum of the concentrations of oxalacetate and pyruvate. There are, however, a number of reasons which suggest that the original concentration of the latter is low or negligible. 1. Pyruvate is considered to be a representative of the extramitochondrial portion of the cell (9).
2. While, in both human and rat liver mit'ochondria, between 30 and 45% of the apparent concentration of oxalacetate was already present as pyruvate when the heating step was omitted, it appeared likely that Table II . DISCUSSION The previously reported differences in t,he rates of sucoinate oxidation between human and rat liver were confirmed by the calcu- Table  II . This confirms t'hat the substrate concentrat,ions used in the previously reported experiments were near-optimal, and well in excess of the apparent K, ,for both human and rat liver mitochondria. Indeed t.he apparent K, of human liver mitochondria was significantly lower (P < 0.01) compared with the anest'hetized and unanesthetized rat. There was no significant difference in the apparent, Ki's between the three groups of specimens. The Ki's were, however, much higher than those previously reported by Pardee and Potter (5) . Their classical st'udies were carried out on whole tissue homogenates whereas in our experiments isolated mitochondria were used. There were numerous other differences in experiment al conditions.
When mitochondrial structure was destroyed by t'reatment wit'h ice-cold acetone in a Waring Blendor and the activity of succinic dehydrogenase measured, the species difference in the rate of oxidat#ion of succinate is removed, and possibly reversed, although the activit,y in the human specimens showed marked and unexplained variability. It seems probable that differences in TABLE II   FACTORS AFFECTING  SUCCINATE  OXIDATION  BY the st,ructure or composition of the acetone soluble portion of the mitochondrial membrane a.re responsible for the observed species differences.
To explore an alternative pathway of succinat'e oxidation, succinate linked reduction of pyridine nucleotides was measured. In both the aerobic and cyanide inhibited states, succinate linked pyridine nucleotide reduction was less in human liver mitochondria compared with the aneslhetized and unanesthetized rat (p < 0.001). The recorded differences in the apparent concent rations of reduced pyridine nucleotides do not, however, represent a rate but a difference in two steady states of pyridine nucleotide reduction. Upon the addit,ion of acetoacetate, an equilibrium NADH X Acetoacetate NAD X @-Hydroxybutyrate is obtained by means of the p-hydroxybut'yrate dehydrogenase reaction. The addition of succinate establishes a new steady state because of the increase in NADH resulting from succinate linked reduction of pyridine nucleotides (10) . These experiments were carried out in mitochondrial suspensions rather than extracts. The pyridine nucleot,ides were, therefore, presumably bound to prot'ein and exhibited fluorescence enhancement (11) . Such fluorescence enhancement has been shown by Estabrook to vary from a fact'or of four to twelve in rat liver mitochondria under different metabolic conditions (6) . The difference in pyridine nucleotide reduction between the two steady states is t,herefore an indirect represent,ation of the actual quantities of pyridine nucleotides reduced. Since these experiments were carried out under identical conditions, the data can be compared.
Differences in "reversed oxidation" of succinate are not necessarily relevant t'o the extent of "forward" oxidation of succinate. The documentation of any possible relationship between "forward" and "reverse" oxidation would require the measurement of succinat#e disappearance. Currently available methods do not lend themselves readily to the determination of small changes of succinate concentrat,ion.
Attempts were made t*o measure the rate of acet>oacetate disappearance in t(he presence of succinate using the procedure described by Klingenberg (8) . This was feasible in both the anesthetized and unanesthetized rat, but, for unknown reasons, not in the three specimens of human liver nutjochondria where this was att,empted.
The concemration of oxalacetate, an inhibitor of succinate oxidation (5), was significantly higher in human liver mitochondria compared with the anesthetized and unanesthetized rat. (p < 0.01). This does not explain the observed species difference in the maximal rates of succinat,e oxidation because, a.s is the case for any competit'ive inhibitor, again exemplified in Fig. 2 , the maximal velocity is independent of the presence of the inhibitor or its concentration. For oxalacetate t'o be an inhibitor under conditions of less than maximal rates of succinate oxidation in vivo, would require that oxalacetate, tentatively located outside the cristae half-membrane by Klingenberg (12) would be accessible to the respiratory chain dehydrogenases located on the cristae halfmembrane. Furthermore, and particularly for low concentrations of succinate, the lower K, of human liver mitochondria for succinate might reverse a possible inhibitory effect' of oxalacetate.
Anesthetized rats were studied as an additional control to determine whether anesthesia would modify the fact'ors responsible for the different rates of succinate oxidation in man and rat. The effects of anesthesia were clearly less evident than the species differences. Anesthesia may have lowered the concentration of mitochondrial oxalacet,at,e, but this was of doubt,ful significance (O.Oci > p > 0.02). A more striking differerence was in the aerobic reduction of mitochondrial pyridine nucleotides. This was lowered in the anesthetized compared with t'he normal rate (p < O.Ol), and is an aspect of the metabolic effects of anesthetics which deserves further st)udy.
